In high temperature cuprate superconductors, the interlayer coupling between the CuO 2 planes plays an important role in dictating superconductivity, as indicated by the sensitive dependence of the critical temperature (T C ) on the number of CuO 2 planes in one structural unit [1] . In Bi 2 Sr 2 CaCu 2 O 8+δ superconductor with two CuO 2 planes in one structural unit, the interaction between the two CuO 2 planes gives rise to band splitting into two Fermi surface sheets (bilayer splitting) [2] [3] [4] that have distinct superconducting gap [5] . The iron based superconductors are composed of stacking of the FeAs/FeSe layers;
whether the interlayer coupling can cause similar band splitting and its effect on superconductivity remain unclear. Here we report high resolution laserbased angle-resolved photoemission spectroscopy (ARPES) measurements on a newly discovered iron based superconductor, KCa 2 Fe 4 As 4 F 2 (T C =33.5 K) which consists of stacking FeAs blocks with two FeAs layers separated by insulating The newly discovered superconductor, ACa 2 Fe 4 As 4 F 2 (A=K, Rb and Cs, 12442), has attracted much attention because it provides a unique platform to study superconductivity mechanism of the iron based superconductors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . On the one hand, its crystal structure consists of bilayer FeAs blocks separated by insulating Ca 2 F 2 blocks [6, 7] (Fig. 1a ). The iron based superconductors discovered so far can be classified into three main groups: one group consisting of single FeAs layer separated by insulating block layers (left panel in Fig.   1b ) such as LaFeAsO system [16] ; another group consisting of infinite stack of FeAs/FeSe layers (right panel in Fig. 1b ) like FeSe [17] , LiFeAs [18] and BaFe 2 As 2 [19] systems. 12442
represents the third group that contains bilayer FeAs blocks separated by insulating Ca 2 F 2 blocks (middle panel in Fig. 1b ). This is analogous to the double CuO 2 layers separated by insulating blocks in Bi 2 Sr 2 CaCu 2 O 8+δ (Bi2212) superconductor [20] . In Bi2212, the interlayer interaction between the two equivalent CuO 2 planes in one structural unit leads to band splitting and the formation of two Fermi surface sheets (bonding and antibonding) [2] [3] [4] .
12442 provides an opportunity to investigate whether the interaction between the two FeAs layers within one bilayer FeAs block can produce a similar bilayer splitting and the effect of interlayer coupling on superconductivity in iron based superconductors. On the other hand, band structure calculations indicate that there are six hole-like pockets at the centre of Brillouin zone (BZ) and four electron-like pockets at the zone corner [8, 9] . The coexistence of such multiple Fermi surface sheets in one superconductor facilitates to study the relationship between the superconducting gap symmetry and the Fermi surface topology and to identify possible superconducting pairing model. The gap symmetry of 12442 reported so far has been controversial; muon-spin rotation experiment suggests it has a nodal gap [10, 11] while optical and transport experiments point to a nodeless gap [12] [13] [14] . It becomes imperative to perform angle-resolve photoemission (ARPES) experiments on 12442 to directly measure its electronic structure and superconducting gap.
In this paper, we report the first high-resolution angle-resolved photoemission measurements on the band structure and superconducting gap of KCa 2 Fe 4 As 4 F 2 (K12442) superconductor. A complete Fermi surface topology is observed which consists of five hole-like pockets around the Brilliouin zone center Γ point and tiny electron-like pockets around the zone corner M point. No Fermi surface nesting condition is satisfied between the electron-like pockets around M point and the hole-like pockets around Γ point because of the apparent mismatch of their Fermi surface sizes. Band structure calculations indicate that these multiple bands around the zone center can be understood in terms of bilayer splitting where the interlayer interorbital interaction between the two FeAs layers within one bilayer FeAs block gives rise to band splitting. This is similar to the bilayer splitting observed in Bi2212 superconductor [2] [3] [4] . Superconducting gap is measured on all the observed Fermi surface sheets and Fermi surface-dependent and nodeless supercondcuting gap is revealed. We found that the superconducting gap is dramatically different on one set of the bilayer-split hole-like Fermi surface sheets; the maximal gap size shows up on one of the two sheets. The supercon-ducting gap structure is understood by taking into account the interlayer pairing in the gap functions for the short-range antiferromagetic fluctuations. Our results provide key insights in the interlayer interaction and the interlayer pairing in iron based superconductors.
High-quality single crystals of KCa 2 Fe 4 As 4 F 2 were grown by the KAs flux method [14] .
The samples were characterized by electrical resistivity (Fig. 1c ) and magnetic susceptibility ( Fig. 1d ) measurements and the measured T C is 33.5 K with a narrow transition width of ∼1 K. High-resolution angle-resolved photoemission measurements were carried out on our two lab based ARPES systems. One is equipped with a hemispherical analyser DA30 (Scienta Omicron) and a helium lamp with a photon energy of hν = 21.218 eV (helium I) [21] . The energy resolution was set at 10 meV for the Fermi surface measurement and 2.5 meV for the superconducting gap measurement. The other is equipped with a time-offlight electron energy analyzer (ARToF 10k by Scienta Omicron) with a vacuum-ultra-violet (VUV) laser light source of hν= 6.994 eV [21, 22] . This latest-generation ARToF-ARPES system is capable of measuring electronic structure covering two-dimensional momentum space (kx, ky) simultaneously. Another advantage of the ARToF analyser is that it has much weaker non-linearity effect so that the measured signal is intrinsic to the sample. The energy resolution was set at 1 meV and the angular resolution was ∼0.3 • corresponding to 0.004Å −1 momentum resolution at the photon energy of 6.994 eV. All the samples were cleaved in situ at low temperature of 13 K and measured in ultrahigh vacuum with a base pressure better than 5 × 10 −11 mbar. The Fermi level was referenced by measuring on clean polycrystalline gold that was electrically connected to the sample or checked by the Fermi level of the measured sample in the normal state. 2h. The splitting is maximal along the (0,0)-(π,0) and (0,0)-(0,π) directions but minimal along the (0,0)-(π,π) direction, resulting in two split β Fermi surface sheets as shown in where the γ Fermi surface splits into two sheets γ 1 and γ 2 . It can also be seen directly from the measured band structure in Fig. 2 : Cut 6 and Cut 7 in Fig. 2h . The splitting is also maximal along (0,0)-(0,π) direction but minimal along the (0,0)-(π,π) direction, resulting in two split γ Fermi surface sheets as shown in Fig. 1n . Among all the measurements, we do not observe signature of band splitting for the α band. Overall, there are totally five hole pockets observed around Γ point and tiny electron pockets observed around M point (Fig. 1n ). The obtained hole concentration from the measured Fermi surface areas is 0.22±0.03 hole/Fe (the α pocket is considered twice in spite of its invisible band splitting).
This concentration is consistent with the expected carrier concentration (0.25 hole/Fe) in stoichiometric K12442.
The multiple Fermi surface sheets observed in K12442 provide a good opportunity to investigate the Fermi surface dependent superconducting gap and their overall momentum dependence. We start by examining the temperature dependence of the superconducting gap on all the Fermi surface sheets, as shown in Fig. 3 . Fig. 3c-3f show the band structures measured at different temperatures along a momentum cut that covers α, β 1 and β 2 bands; the location of the momentum cut is marked in Fig. 3a . These images are obtained by dividing the Fermi-Dirac distribution functions at their corresponding temperatures to facilitate investigation of the superconducting gap. In the normal state, all the observed bands smoothly cross the Fermi level ( Fig. 3c ). In the superconducting state, the spectral weight at the Fermi level gets suppressed due to the opening of the superconducting gap ( Fig. 3d-3f ). Fig. 3g-3i show the photoemmission spectra (Energy Distributed Curves, EDCs) measured at different temperatures on the Fermi momenta (marked by points in Fig.   3a ) of α, β 1 and β 2 bands, respectively. Sharp superconducting coherent peaks develop in the superconducting state for all the three bands. In order to quantitatively extract the superconducting gap size, the measured EDCs are symmetrized as shown in Fig. 3j-3l . The gap size is obtained by fitting these symmetrized EDCs with a phenomenological formula [24] and the obtained gap size at different temperatures for the three bands is plotted in Fig. 3t . Figure 3m -3n show the band structures measured at different temperatures along another momentum cut that covers γ 1 and γ 2 bands, as well as β 1 and β 2 bands. The location of the momentum cut is marked in Fig. 3b . Here the band splitting of the β band and γ band is particularly clear in the superconducting state (Fig. 3n ). These two images are also obtained by dividing the Fermi-Dirac distribution functions at their corresponding temperatures. In the normal state, the observed two sets of bands smoothly cross the Fermi level (Fig. 3m ).
In the superconducting state, the spectral weight at the Fermi level gets suppressed due to the gap opening; it is more obvious for the β band than that for the γ band (Fig. 3n ). Fig.   3o -3p show the EDCs measured at different temperatures on the Fermi momenta (marked by points in Fig. 3b ) of γ 1 and γ 2 bands, respectively. The corresponding symmetrized EDCs are shown in Fig. 3q-3r and are fitted by the phenomenological formula [24] . The obtained superconducting gap size for the γ 1 and γ 2 bands is also included in Fig. 3t. Fig.   3s shows the temperature dependent symmetrized EDCs on the tiny electron pocket around M point. The extracted gap size by fitting the symmetrized EDCs is plotted in Fig. 3t . It can be found that superconducting gap opens on all the observed six bands and the gap size is different from each other (Fig. 3t ). With increasing temperature, all the gaps close at around the superconducting transition temperature T C . Bi2212 consists of two CuO 2 planes in one structural unit separated by calcium (Ca); the structural unit is separated by insulating block layers. It is highly two dimensional because it exhibits a very strong anisotropy between the out-of-plane and in-plane resistivities [25] .
Within the structural unit, the interaction between the two structurally equivalent CuO 2 planes gives rise to two Fermi surface sheets: bonding and antibonding ones [2] [3] [4] [26] [27] [28] . In K12442, as shown in Fig. 1a , the bilayer FeAs block consists of two FeAs layers separated by K; this bilayer unit is separated by insulating Ca 2 F 2 block [6] . It also shows strong anisotropy between the out-of-plane and in-plane resistivities [15] . Within the bilayer FeAs block, the interaction between the two FeAs layers will cause the band splitting into two bands for each of the initial three bands in the single FeAs layer. The band splittings we observed in K12442 for the β and γ bands can be understood in this bilayer splitting picture, similar to that in Bi2212. It is not observed for the α band because the bilayer splitting is Fermi surface dependent and the splitting is too small to be detected for the α band.
We carried out band structure calculations to further understand the interaction between the two adjacent FeAs layers and the microscopic origin of the bilayer splitting in K12442. In the calculations, we adopted five-band tight-binding model for each FeAs layer and included the interlayer hopping for d xz/yz and d xy orbitals up to the third nearest neighbor (see the supplementary materials). Fig. 2i shows the calculated Fermi surface; the corresponding calculated band structures along several momentum cuts are shown in Fig. 2j . Compared with experimental data in Fig. 2c-2h , the band splitting, its Fermi surface dependence and the momentum dependence are well reproduced by the calculations. We found that the interlayer interorbital (d xz and d yz ) hopping along the body diagonal (third nearest neighbour interaction t 2 ) in Fe lattice, as shown in Fig. 2k , plays the dominant role in understanding the observed momentum-dependent band splitting of the β band. The α band shares similar orbital components and the interlayer interorbital interaction (Fig. 2k) , however, its band splitting is invisible because it is too small due to the small momentum radius of its Fermi surface (explained in supplementary materials). In order to understand the band splitting of the γ band, both the nearest (t 0 ) and the third nearest (t 2 ) neighbour interlayer interorbital interactions have to be considered, as shown in Fig. 2l . [29, 30] . In the Fermi surface nesting scenario of the itinerant picture [29] [30] [31] [32] , the electron scattering between the hole pockets around Γ and the electron pockets around M is proposed to be responsible for electron pairing. Such a mechanism was considered in (Ba 0.6 K 0.4 )Fe 2 As 2 [33] and CaKFe 4 As 4 [34] superconductors. The possibility of this nesting-driven pairing mechanism can be ruled out in K12442 because of the apparent Fermi surface size mismatch between the hole pockets around Γ and the electron pockets around M, as seen in Fig. 1n .
For the strong coupling approach [29, 30, 35] , the pairing of electrons occurs because of a short-range interaction. Referring to (Ba 0.6 K 0.4 )Fe 2 As 2 [36] , we propose a generalized swave gap function for K12442: ∆ s = | 1 2 ∆ 0 (cosk x + cosk y ) ± 1 2 ∆ z cos kx 2 cos ky 2 | in 2-Fe unit cell, where the intralayer pairing ∆ 0 originates from the intralayer next-nearest neighbor exchange coupling J 2 and the interlayer pairing ∆ z comes from interlayer exchange coupling J z (see inset in Fig. 4p and the supplementary materials) . First, ∆ z has to be considered in order to understand the dramatic difference of the superconducting gap for the two β split bands. Second, if we consider the interlayer pairing but assume band-independent ∆ 0 and ∆ z , clear deviation still exists, as shown in Fig. 4o , particularly for the β 2 and γ 1 bands.
Only when we consider the interlayer pairing and band-dependent ∆ 0 and ∆ z can we fit the observed gap well, as shown in Fig. 4p . The ∆ 0 and ∆ z for different Fermi surface sheets are thus obtained, as also included in Fig. 4p . We find that the intralayer pairing shows a clear Fermi surface dependence; it is strongest for the β band (∆ 0 =6.8 meV) while weakest for the γ band (∆ 0 =3.3 meV). Furthermore, the interlayer pairing also exhibits a Fermi surface dependence which is also strongest for the β band (∆ z =4 meV). The interlayer pairing for the β band is stronger than that observed in (Ba 0.6 K 0.4 )Fe 2 As 2 (∆ z =2.07 meV) [36] and is the strongest discovered so far in iron based superconductors.
In summary, we carried on high resolution laser ARPES measurements on a newly discov- 
